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Introduction: Dietary choices play a crucial role in influencing systemic
inflammation and the eventual development of cardiovascular diseases (CVD).
The Dietary Inflammatory Index (DII®) is a novel tool designed to assess the
inflammatory potential of one’s diet. Firefighting, which is characterized by high-
stress environments and elevated CVD risk, represents an interesting context for
exploring the dietary inflammatory-CVD connection.

Aim: This study aims to investigate the associations between Energy-adjusted
Dietary Inflammatory Index (E-DII™) scores and cardiometabolic risk parameters
among US firefighters.

Methods: The study analyzed 413 participants from the Indianapolis Fire
Department who took part in a Federal Emergency Management Agency
(FEMA)-sponsored Mediterranean diet intervention trial. Thorough medical
evaluations, encompassing physical examinations, standard laboratory tests,
resting electrocardiograms, and submaximal treadmill exercise testing, were
carried out. Participants also completed a detailed food frequency questionnaire
to evaluate dietary patterns, and E-DII scores were subsequently computed
based on the gathered information.

Results: Participants had a mean body mass index (BMI) of 30.0 + 4.5 kg/m? and
an average body fat percentage of 28.1 + 6.6%. Regression analyses, adjusted for
sex, BMI, maximal oxygen consumption (VO, max), max metabolic equivalents
(METS), age, and body fat percentage, revealed significant associations between
high vs. low E-DII scores and total cholesterol (8 =10.37, p =0.04). When
comparing low Vs median E-DIl scores there is an increase in glucose ( = 0.91,
p =0.72) and total cholesterol (§ =5.51, p = 0.26).

Conclusion: Our findings support an association between higher E-DIl scores
and increasing adiposity, as well as worse lipid profiles.

KEYWORDS

DIl scores, cardiovascular disease, US firefighters, nutrition, inflammatory index

01 frontiersin.org


https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fnut.2024.1382306&domain=pdf&date_stamp=2024-06-13
https://www.frontiersin.org/articles/10.3389/fnut.2024.1382306/full
https://www.frontiersin.org/articles/10.3389/fnut.2024.1382306/full
https://www.frontiersin.org/articles/10.3389/fnut.2024.1382306/full
mailto:at.christodoulou@edu.cut.ac.cy
https://doi.org/10.3389/fnut.2024.1382306
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://doi.org/10.3389/fnut.2024.1382306

Christodoulou et al.

Introduction

Cardiovascular diseases (CVD) account for more than 30% of
global deaths, with more than 18 million people dying from
CVD-related conditions (1). Several studies have identified
inflammation as the main underlying cause of CVD (2, 3). A poor
diet, which includes large quantities of calorically dense foods,
rich in simple carbohydrates and fat, is known to
be pro-inflammatory (4, 5). The chronic inflammation caused by
this diet provides a substrate for mechanisms that operate
systemically or locally through tissue-simmering inflammation to
increase the risk of CVD (6, 7). By contrast, a nutrient-dense diet
abundant in fruits, vegetables, and fish exhibits anti-inflammatory
properties that can improve immune response, thereby offering
protection against a range of chronic non-communicable diseases,
including diabetes, cancer, and CVD (8, 9) as well as infectious
diseases such as COVID-19 (10, 11).

The Dietary Inflammatory Index (DII®) was developed to
quantify the potential of diet in connection to putative
inflammation-related health parameters (12). The DII quantifies
the impact of diet on an individual’s potential level of
inflammation, based on 45 food parameters. The DII was
developed and validated by researchers at the University of South
Carolina and has been used extensively in different populations
and across a wide variety of health parameters (13, 14). The
Energy-adjusted Dietary Inflammatory Index (E-DII™) was
developed to account for the influence of total energy consumption
on inflammation. Both the DII and E-DII are based on the careful
review and as in scoring of 1943 peer-reviewed articles (14). A
pro-inflammatory diet, indicated by a high DII score, typically
contains high concentrations of saturated fats and refined
carbohydrates, and low concentrations of polyunsaturated fatty
acids (PUFAs) and flavonoids. A low DII score results from
consuming less energy-dense foods and more fruits, and
vegetables. Evidence has shown that the DII can capture the
inflammatory potential from diet and, therefore, represents an
important innovation to address the association between dietary
inflammation and health parameters (15, 16). Over 50 studies
have validated the use of the DII or E-DII as a measure of
inflammation and linked it to markers such as CRP, IL-6, and
TNF-a- R2 (17-21). Additionally, over 1,000 studies demonstrated
an increased risk of chronic disease, including CVD and metabolic
syndrome, in people with higher DII scores (22-25).

The most frequent cause of on-duty death among firefighters is
sudden cardiac death (SCD), due to underlying CVD and/or
cardiomegaly (26), with almost half of all on-duty fatalities attributed
to CVD (27, 28) and caused by SCD, strokes, aneurysms, and other
CVD-related conditions (22, 23). Firefighters have very demanding
jobs and food habits that are generally consistent with those of the
general US population despite the strenuous nature of their work,
coupled with irregular shift schedules: many of their meals at the fire
station consist of processed foods, including sugar-sweetened
beverages (29-31).

There have not been many studies looking at the association of
DII and cardiovascular risk parameters among firefighters. A study
conducted by Vatandoost et al., among firefighters of the Tehran
region in Iran, suggested that HDL and hs-CRP levels are high among
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firefighters with high DII scores. However, there were no significant
differences in the means of HDL cholesterol and CRP levels in
the observed population, after adjusting for other relevant
confounders (32).

Considering the importance of firefighters being in good physical
condition, and the demanding nature of their work, it is important to
investigate the association between diet-associated inflammation and
CVD risk indices in firefighters. The aim of this study is to identify any
association between DII/E-DII scores and cardiometabolic parameters
among US firefighters. This would give us a better understanding of
the dietary habits of firefighters and provide a connection of the E-DII
scores (derived from the dietary habits of this population) and use
them to evaluate whether those with high EDII levels have further risk
for CVD, compared to those with low E-DII scores.

Materials and methods
Study participants

Firefighters were recruited between November 2016 and April
2018 to participate in the study “Feeding America’s Bravest:
Mediterranean Diet-Based Interventions to change firefighters’ Eating
Habits and Improve Cardiovascular Risk Profiles” More details on the
study methodology and participant recruitment are available
elsewhere (33). All data used in the current analysis are from
baseline measurements.

Dietary assessment and diet inflammatory
index

A validated food frequency questionnaire was administered
prior to the commencement of the study to establish baseline
dietary habits among participants. The questionnaire collected
information on the food consumption of 131 different items (as
an average consumption over the period of the previous year).
Food items included fruit, vegetables, meat, cereal, sweets, baked
goods etc. (33). Participants in each survey were questioned about
their frequency of consuming specific foods over the past year. For
each food item, a standard portion size and nine response options
ranging from “never or less than once per month” to “6 or more
times per day” were provided. Nutrient and energy intake was
determined by multiplying the reported food consumption with
its respective nutrient and energy content using data from the US
Department of Agriculture database, supplemented with
The validation of the
questionnaire is described in detail elsewhere (34).

information from manufacturers.

The inflammatory potential of individuals’ diets was assessed
using the Dietary Inflammatory Index(DII)and the Energy-adjusted
DII E-DII. These indices measure the inflammatory impact of diets on
a scale ranging from highly anti-inflammatory (most negative score)
to highly pro-inflammatory (most positive score). The DII was
developed through a comprehensive process, detailed elsewhere (35),
involving a thorough literature review that identified 45 food
parameters, such as macronutrients, vitamins, minerals, flavonoids
and whole food items linked to six inflammatory biomarkers
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[interleukins (IL)-1b, —4, —6, —10, tumor-necrosis factor-alpha
(TNFa), and C-reactive protein (CRP)]. From the information
collected from the FFQ, 29 food parameters were available for
further use.

To calculate DII scores, these self-reported values were
converted into z-scores using a global comparative database from
11 countries, by subtracting from the individual’s self-report value
the mean of the global database then dividing by the standard
deviation (14, 36). Z-scores were then transformed into proportions
(ranging from 0 to 1), centered on zero by doubling each and
subtracting 1. The sum of these scores provided the overall DII
score. Energy-adjusted DII (E-DII™) scores, calculated per
1,000 kcal consumption using a density approach, followed a similar
procedure but utilized an energy-adjusted global comparison
database (2, 3).

Both DII and E-DII scores can range from approximately —9 to
+8; indicating a spectrum from minimally to maximally
pro-inflammatory, respectively. The scoring methodology and scaling
are consistent between DII and E-DII, ensuring compatibility across
different studies (2).

For this study, all available food parameters from the FFQ (29 of
45) were used to calculate an individual’s overall DII score as shown
in Appendix 1 (37). For the E-DII, energy was in the denominator; so,
28 parameters were used for computation. The food parameters used
included: alcohol, caffeine, zinc, fiber, omega-3, Isoflavones, selenium,
flavonols, Vitamin B12, carbohydrate, anthocyanidins, iron, Omega-6,
protein, selenium, flavonones, Vitamin B6, cholesterol, magnesium,
riboflavin, tjiamin, beta carotene, Vitamin D, fat, niacin, flavones, SFA,
Vitamin C and energy.

Anthropometric parameters

Data on physical activity was collected during the participants’
assessments from the fire department medical examinations at Public
Safety Medical (PSM) clinics, which is led by an IFD-contracted
physician. The examinations included the collection of occupational,
smoking, and medical history; a physical examination, including body
mass index (BMI=weight (kg)/height (m)?) and body fat
measurements (using bioelectrical impedance); routine laboratory
tests; resting electrocardiograms; and maximal treadmill exercise
testing.

Risk parameters

During the initial visit, participants underwent assessments of
blood pressure and anthropometrics. Resting blood pressure was
measured using an appropriately sized cuff while participants were
seated. Height and weight were recorded, and Body Mass Index in kg/
m?* was calculated for all of the study participants. Additionally, the
percentage of body fat was estimated using a Bioelectrical Impedance
Analyzer (BIA) (38, 39).

Other biochemical indices were evaluated during medical
examinations. Measurements were taken closest to the date of study
consent and within the same 12-month period. Blood samples were
collected after an overnight fast using ethylenediaminetetraacetic acid
(EDTA) collection tubes, with 15 mL of blood collected. Plasma was
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frozen at —-80°C, and blood lipid profiles were determined using an
automated high-throughput enzymatic analysis. The coefficient of
variation values for this analysis were <3% for cholesterol and <5%
for triglycerides, utilizing the cholesterol assay kit and reagent (Ref:
7D62-21) and triglycerides assay kit and reagent (Ref: 7D74-21) by the
ARCHITECT c System, Abbott Laboratories, Abbott Park, IL, USA.

Statistical analysis

Characteristics measured on a continuous scale and having a
normal distribution are presented as mean +standard deviation
(SD), whereas categorical variables are reported as frequency
(percentage). Model Goodness of Fit statistics indicated that the
E-DII performed better than the DIIL. Values are shown stratified by
levels of E-DII score (median vs. low, with cut-off point being the
median=—0.09) and compared using the t-test and the chi-square
test of independence, for quantitative and qualitative characteristics,
respectively. Linear regression models were fit to assess the effect of
E-DII score on cardiometabolic risk, after adjusting for age, gender,
BM], body fat percent, max metabolic equivalents (METS), and
oxygen consumption (VO,). The resulting beta coefficients are
presented, together with the corresponding 95% confidence intervals
and p-values. As a sensitivity analysis, E-DII scores were used in the
models as continuous variables as well as in a tertiles form (low vs.
median). All the statistical analyses were performed using SAS
version 9.4 (SAS Institute Inc., Cary, NC, USA). The alpha level of
significance was set at 0.05 and all the tests performed were
two-sided.

Results

There were 413 firefighters who participated in the study.
Participants were primarily male (94%) with the average age being
48years old. The mean weight of the participants was 97 kg and the
median E-DII was 0.085. Individuals with E-DII scores above the
median had higher BMI (30.6kg/m*>+4.7), body fat percentage
(28.8£0.4), and triglycerides (145.8 mg/dL +156.3), compared to
those whose E-DII scores were below the median (Table 1). Total
cholesterol, HDL cholesterol, and cholesterol ratio were also
significantly associated with higher E-DII scores (200.9 mg/
dL+38.5, 47.9mg/dL+11.1, and 4.41+0.10, in the high E-DII
group, respectively). LDL cholesterol (123.6mg/dL+35.9) and
glucose (100.6 mg/dL +19.8) were also higher in the participants
with high E-DII, those
statistically significant.

however, differences were not

The association between E-DII scores and different cardio-
metabolic parameters is shown in Table 2. After adjusting for age,
gender, VO, max, max METS, BMI, and body fat %, higher levels of
E-DII were significantly associated with elevated cholesterol
(f =10.37, p =0.04) and cholesterol ratio (# =0.32, p =0.05), when
comparing high to low scores of E-DII. We also observed an increase
in LDL cholesterol (f# =6.51, p =0.14) and triglycerides (p=23.9,
p =0.11), though these effects were not statistically significant. When
comparing low with median E-DII scores there is an increase in
glucose (f# =0.91, p =0.72) and total cholesterol (# =5.51, p =0.26),
however these results were not significant.
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TABLE 1 Baseline characteristics.

10.3389/fnut.2024.1382306

Characteristic Overall (n = 413) E- DIl Score
Low (n =213) High (n =213)
Male 390 (94%) 193(46%) 201(48)
Sex Female 23(6%) 16(4%) 7(2%) 0.055
Age (years) 48.4+8.2 45.6+8.7 44.6+7.8 0.216
Height(m) 1.77+0.07 1.78+0.07 1.79+0.06 0.102
Weight(kg) 96.8+17.3 92.6+17.5 97.0+£18.6 0.014
Diastolic BP(mmHg) 78.4+6.1 78.3+6.0 81.03+£28.4 0.134
Systolic BP(mmHg) 123.3£8.9 181.8+17.1 180+22.5 0.356
BMI (kg/m?) 30.0+4.5 29.3+4.1 30.6+4.7 0.002
% body fat 28.1+6.1 27.3+0.5 28.8+£0.4 0.03
Max METS* 11.5£5.4 11.4£22 11.6+7.3 0.78
VO, max 42.1+4.9 42.3+53 41.7+4.6 0.22
Total cholesterol (mg/dl) 196.9+38.3 192.8+37.8 200.9+38.5 0.03
HDL cholesterol (mg/dl) 49.1+11.4 50.4+11.6 479+11.1 0.02
LDL cholesterol (mg/dl) 121.9+34.6 120.2+33.2 123.6+35.9 0.33
Cholesterol ratio 4.20+1.30 3.98+0.07 4.41+0.10 0.001
Triglycerides (mg/dl) 129.3+117.1 113.3+60.7 145.8+156.3 0.005
Glucose (mg/dl) 100.0£20.3 99.3+£20.9 100.6+19.8 0.50

*Metabolic equivalents - one MET is defined as 3.5mL O2 uptake/Kg per min, which is the resting oxygen uptake in a sitting position.

TABLE 2 Association of E-DIl scores with cardiometabolic parameters.

Outcome High vs. Low E-DII Low vs. High EDII
95% ClI 95% ClI

BMI —0.13 —1.14,0.89 0.81 0.49 —0.54,1.49 0.36
Body Fat% —0,40 —1.81,1.02 0.58 1.13 —0.29, 2.54 0.12
Total cholesterol 5.51 —4.02,15.04 0.26 10.37 0.74, 21.01 0.04
HDL cholesterol —1.38 —4.09, 1.32 0.32 -1.02 —3.75,1.71 0.46
LDL cholesterol 7.85 —0.80, 16.49 0.08 6.51 —2.21,15.22 0.14
Cholesterol ratio 0.20 —0.12,0.52 0.22 0.32 —0.00, 0.65 0.05
Triglycerides —3.96 —33.0,25.1 0.79 239 —5.48, 53.30 0.11
Glucose 0.91 —4.11,5.93 0.72 0.15 —4.93,5.23 0.95

*Model adjusted for age, gender, VO2 max, max METS; model additionally adjusted for BMI for all cardiometabolic parameters except for BMI and body fat (%).

Discussion

We observed that a large proportion of firefighters in our study
have a high inflammatory diet, something that is expected, as we had
previously observed that most of our study population follows a
Standard American Diet, which is characterized by high consumption
of meat and processed food (40). This observation is in agreement
with previous studies that also conducted an in-depth investigation on
the dietary habits of firefighters (41-44).

In our study, we observed an association between E-DII scores
and negative cardiometabolic risk. This aligns with the findings
presented by Ruiz-Canela et al., indicating that an elevated DII
correlated with increased general obesity and abdominal obesity
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levels, while accounting for the impact of adherence to a
Mediterranean diet on inflammation (45). E-DII was associated
with higher BMI ( =0.49, p =0.36), cholesterol ratio (f =0.32,
p =0.05) and total cholesterol (# =10.37, p =0.04). This is in
agreement with the findings of Sokol et al. (46), who also studied
the association of individuals with high DII scores and their
increased risk of obesity, high triglyceride levels, and an increased
waist-to-hip ratio. Different associations with E-DII exist due to
variations across study populations and individuals who may
respond differently to different diet interventions. To some extent,
these associations between diet and cardiometabolic parameters
can be influenced by genetic factors as well as environmental
factors. In addition, different studies may differ methodologically
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and these can also lead to differences in the observed association
between E-DII and cardiometabolic risk.

Our findings also corroborate several recent research studies
highlighting the association between DII and cardiometabolic
conditions (47-50). Moreover, studies have shown that a diet with a
high DII score promotes systematic inflammation which, in turn,
contributes to the development of CVD (51).

We also found that higher E-DII scores were significantly
associated with a higher BMI and %body fat of the participants. Other
studies have also reported that overweight and obese individuals have
higher levels of systemic inflammation and greater risk for CVD. These
findings could be affected by the different characteristics of the
participants, like age, gender, and ethnicity. For example, studies
involving mostly Caucasian individuals showed a greater association
between DII scores and cardiovascular disease (32).

We also observed elevated levels of cholesterol in participants
with higher E-DII scores. This was true even after adjusting for
gender, BMI and %body fat. A study among Indonesian males also
demonstrated an increase in cholesterol levels as DII scores increase
(52). High cholesterol levels can be considered a “silent killer,” as an
increase in cholesterol is associated with high risk for atherosclerosis
(53, 54).

The strengths of our study include the relatively large number
of firefighters, whose records were collected by medical
professionals and these records were available throughout the
study. Additionally, the FFQ used was very extensive and was
designed to capture different eating habits within the USA. The
FFQ provided 29 food parameters that were used in the
calculation of the E-DII scores. Despite its strengths, our study
had some limitations. This included the use of only baseline
dietary information, which was self-reported. This limitation is
common in dietary studies highlighting the need to use more
robust dietary assessment methods in the future. However, good
options are not readily available at reasonable cost. Also, we are
reliant on self-reports of diet, which are subject to a variety of
information biases. Even though previous research has shown
that a drop-off from the maximum 45 parameters to 28
parameters does not materially change the risk estimate for
calculating E-DII scores, there were only 29 food parameters in
our analysis (37). Despite these weaknesses, our findings
contribute valuable insight information on the association of
inflammation, diet, and cardiometabolic risk. This could provide
the foundation by which more targeted interventions are designed
to accommodate the unique health challenges faced by firefighters
and thus, ultimately, will enable them to improve their
overall health.

Conclusion

In conclusion, our study was able to assess the relationship
between E-DII scores and cardiometabolic parameters among
firefighters. The results not only add to the current knowledge, but
they also improve our understanding by showing an increased risk
of CVD even within the demographic of US firefighters. Further
research is needed to determine the link between diet,
inflammation, and cardiovascular disease among firefighters, in
order to help design better strategies improving the well-being of
these individuals.

Frontiers in Nutrition

10.3389/fnut.2024.1382306

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by The study was
conducted in accordance with the Declaration of Helsinki, and
approved by the Institutional Review Board of Harvard Institutional
Review Board (IRB16-10170) and is registered at Clinical Trials
(NCT029441757). The studies were conducted in accordance with the
local legislation and institutional requirements. The participants
provided their written informed consent to participate in this study.

Author contributions

AC: Writing - original draft, Writing - review & editing. CC:
Conceptualization, Data curation, Formal analysis, Methodology,
Supervision, Writing - review & editing. MS-P: Conceptualization,
Methodology, Resources, Writing — review & editing. SM: Project
administration, Writing - review & editing. LZ: Resources, Writing —
review & editing. SK: Conceptualization, Funding acquisition,
Methodology, Project administration, Supervision, Writing — review
& editing. JH: Resources, Supervision, Writing — review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This research
was funded by EMW-2014-FP-00612, US Department of Homeland
Security, Ohio University OURC grant, CHSP Research Innovation
grant, and the 2018 Southeast Center for Integrated Metabolomics
Pilot and Feasibility Project. MS-P holds a Ramén y Cajal contract
(RYC-2018-025069-I) from the Ministry of Science, Innovation and
Universities and FEDER/FSE and FIS grant P120/00896. The funding
agencies had no role in study design, data collection and analysis,
interpretation of results, manuscript preparation or in the decision to
submit this manuscript for publication.

Conflict of interest

LZ and JH were employed by Connecting Health Innovations LLC.

The remaining authors declare that the research was conducted in
the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher's note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fnut.2024.1382306
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Christodoulou et al.

References

1. WHO|Obesity and overweight, WHO (2017). Available at: http://www.who.int/
mediacentre/factsheets/fs311/en/ (Accessed January 30, 2018)

2. Sorriento D, Iaccarino G. Inflammation and cardiovascular diseases: the Most
recent findings. Int ] Mol Sci. (2019) 20:1-4. doi: 10.3390/IJMS20163879

3. Rezaei M, Tajary Z, Esmaeily Z, Eyvazkhani A, Daei S, Dara MM, et al. Association
between the empirical dietary inflammatory index and musculoskeletal pain in
community-dwelling older adults: a cross-sectional study. Osong Public Health Res
Perspect. (2023) 14:51-8. doi: 10.24171/j.phrp.2022.0194

4. Clemente-Sudrez VJ, Mielgo-Ayuso J, Martin-Rodriguez A, Ramos-Campo D],
Redondo-Flérez L, Tornero-Aguilera JE The burden of carbohydrates in health and
disease. Nutrients. (2022) 14:1-18. doi: 10.3390/NU14183809

5. Tan BL, Norhaizan ME, Liew WPP. Nutrients and oxidative stress: friend or foe?
Oxidative Med Cell Longev. (2018) 2018:1-24. doi: 10.1155/2018/9719584

6. Diet, Inflammation, and Health. (2022) Available at: https://shop.elsevier.com/
books/diet-inflammation-and-health/hebert/978-0-12-822130-3 (Accessed: August 24,
2023)

7. Vahid E, Bohn T, Chiriboga D, Hébert JR. Diet, inflammation, and cardiovascular
disease. Diet Inflam Health. (2022) 1:367-472. doi: 10.1016/B978-0-12-822130-3.00015-6

8. Phillips CM, Chen LW, Heude B, Bernard JY, Harvey NC, Duijts L, et al. Dietary
inflammatory index and non-communicable disease risk: A narrative review. Nutrients.
(2019) 11:1873. doi: 10.3390/nu11081873

9. Marx W, Veronese N, Kelly JT, Smith L, Hockey M, Collins S, et al. The dietary
inflammatory index and human health: an umbrella review of Meta-analyses of
observational studies (2021) 12:1681-90. doi: 10.1093/advances/nmab037

10. Zhao L, Wirth MD, Petermann-Rocha F, Parra-Soto S, Mathers JC, Pell JP, et al.
Diet-related inflammation is associated with worse COVID-19 outcomes in the UK
biobank cohort. Nutrients. (2023) 15:884. doi: 10.3390/nu15040884

11. Manzano M, Talavera-Rodriguez A, Moreno E, Madrid N, Gosalbes MJ, Ron R,
et al. Relationship of diet to gut microbiota and inflammatory biomarkers in people with
HIV. Nutrients. (2022) 14:1-6. doi: 10.3390/NU14061221

12. Vahid E, Shivappa N, Faghfoori Z, Khodabakhshi A, Zayeri F, Hebert JR, et al.
Validation of a dietary inflammatory index (DII) and association with risk of gastric
Cancer: a case-control study. Asian Pac ] Cancer Prev. (2018) 19:1471-7. doi: 10.22034/
APJCP.2018.19.6.1471

13. Shivappa N, Hebert JR, Marcos A, Diaz LE, Gomez S, Nova E, et al. Association
between dietary inflammatory index and inflammatory markers in the HELENA study.
Mol Nutr Food Res. (2017) 61:1-18. doi: 10.1002/MNFR.201600707

14. Hébert JR, Shivappa N, Wirth MD, Hussey JR, Hurley TG. Perspective: the dietary
inflammatory index (DII)—lessons learned, improvements made, and future directions.
Adv Nutr. (2019) 10:185-95. doi: 10.1093/ADVANCES/NMY071

15. Hebert JR. What constitutes an anti-inflammatory diet? How does this contrast
with a pro-inflammatory diet? In: JR Hebert and L] Hofseth, editors. Diet, inflammation,
and health. London: Academic Press/ Elsevier (2022). 787-818.

16. Hebert JR. Methods and tools used to describe and quantify the associations
between diet, inflammation and health In: JR Hebert and L] Hofseth, editors. Diet,
inflammation, and health. London: Academic Press/Elsevier (2022). 163-226.

17. Millar SR, Navarro P, Harrington JM, Shivappa N, Hébert JR, Perry IJ, et al.
Dietary score associations with markers of chronic low-grade inflammation: a cross-
sectional comparative analysis of a middle- to older-aged population. Eur ] Nutr. (2022)
61:3377-90. doi: 10.1007/s00394-022-02892-1

18. Pieczynska J, Placzkowska S, Pawlik-Sobecka L, Kokot I, Sozaniski R, Grajeta H.
Association of Dietary Inflammatory Index with serum IL-6, IL-10, and CRP
concentration during pregnancy. Nutrients. (2020) 12:1-14. doi: 10.3390/NU12092789

19. Yang Y, Hozawa A, Kogure M, Narita A, Hirata T, Nakamura T, et al. Dietary
inflammatory index positively associated with high-sensitivity C-reactive protein level
in Japanese from NIPPON DATA2010. ] Epidemiol. (2020) 30:98-107. doi: 10.2188/JEA.
JE20180156

20.LiJ, Lee DH, Hu J, Tabung FK, Li Y, Bhupathiraju SN, et al. Dietary inflammatory
potential and risk of cardiovascular disease among men and women in the U.S. J Am Coll
Cardiol. (2020) 76:2181-93. doi: 10.1016/j.jacc.2020.09.535

21. Eid NMS, Albadri A-R, Alshobragi K, Sharqawi N, Albar R, Altaf A. Saudi Arabia
in the year 2017. J Food Nutr Res. (2018) 6:137-45. doi: 10.12691/jfnr-6-3-1

22. Shamshirgardi E, Najafitirehshabankareh F, Haghighat N, Shivappa N, James RH,
Jabbari M, et al. Correlation between dietary inflammatory index (DII) and neck

circumference (NC) in coronary artery disease patients. ] Health Sci Surveill Syst. (2022)
10:197-202. doi: 10.30476/JHSSS.2021.92877.1397

23. Shivappa N, Godos J, Hébert JR, Wirth MD, Piuri G, Speciani AF, et al. Dietary
inflammatory index and cardiovascular risk and mortality-A Meta-analysis (2018)
10:1-10. doi: 10.3390/nu10020200

24. Hodge AM, Bassett JK, Dugué PA, Shivappa N, Hébert JR, Milne RL, et al. Dietary
inflammatory index or Mediterranean diet score as risk factors for total and

Frontiers in Nutrition

10.3389/fnut.2024.1382306

cardiovascular mortality. Nutr Metab Cardiovasc Dis. (2018) 28:461-9. doi: 10.1016/].
NUMECD.2018.01.010

25. Ramallal R, Toledo E, Martinez-Gonzalez MA, Herndndez-Hernandez A, Garcia-
Arellano A, Shivappa N, et al. Dietary inflammatory index and incidence of
cardiovascular disease in the SUN cohort. PLoS One. (2015) 10:e0135221. doi: 10.1371/
JOURNAL.PONE.0135221

26. Smith DL, Haller JM, Korre M, Fehling PC, Sampani K, Grossi Porto LG, et al.
Pathoanatomic findings associated with duty-related cardiac death in US firefighters: A
case-control study. ] Am Heart Assoc. (2018) 7:¢009446. doi: 10.1161/JAHA.118.009446

27.Smith DL, Barr DA, Kales SN. Extreme sacrifice: sudden cardiac death in the US
fire service. Extrem Physiol Med. (2013) 2:6. doi: 10.1186/2046-7648-2-6

28. Kales SN, Tsismenakis AJ, Zhang C, Soteriades ES. Blood pressure in firefighters,
police officers, and other emergency responders. Am ] Hypertens. (2009) 22:11-20. doi:
10.1038/ajh.2008.296

29. Yang J, Farioli A, Korre M, Kales SN. Modified Mediterranean diet score and
cardiovascular risk in a north American working population. PLoS One. (2014)
9:¢87539. doi: 10.1371/journal.pone.0087539

30. Soteriades ES, Hauser R, Kawachi I, Christiani DC, Kales SN. Obesity and risk of
job disability in male firefighters. Occup Med (Lond). (2016) 1:79-82. doi: 10.1093/
occmed/kqm153

31. Yang ], Teehan D, Farioli A, Baur DM, Smith D, Kales SN. Sudden cardiac death
among firefighters <45 years of age in the United States. Am ] Cardiol. (2013)
112:1962-7. doi: 10.1016/j.amjcard.2013.08.029

32. Vatandoost A, Azadbakht L, Morvaridi M, Kabir A, Farsani GM. Association
between dietary inflammatory index and risk of cardiovascular diseases among
firefighters. Int ] Prev Med. (2020) 11:1-6. doi: 10.4103/IJPVM.IJPVM_256_19

33. Sotos-Prieto M, Cash SB, Christophi CA, Folta S, Moffatt S, Muegge C, et al.
Rationale and design of feeding Americas bravest: Mediterranean diet-based
intervention to change firefighters’ eating habits and improve cardiovascular risk
profiles. Contemp Clin Trials. (2017) 61:101-7. doi: 10.1016/j.cct.2017.07.010

34, Willett WC, Sampson L, Stampfer MJ, Rosner B, Bain C, Witschi J, et al.
Reproducibility and validity of a semiquantitative food frequency questionnaire. Am J
Epidemiol. (1985) 122:51-65. doi: 10.1093/OXFORDJOURNALS.AJE.A114086

35. Shivappa N, Steck SE, Hurley TG, Hussey JR, Hébert JR. Designing and developing
a literature-derived, population-based dietary inflammatory index. Public Health Nutr.
(2014) 17:1689-96. doi: 10.1017/S1368980013002115

36. Harmon BE, Wirth MD, Boushey CJ, Wilkens LR, Draluck E, Shivappa N,
et al. The dietary inflammatory index is associated with colorectal Cancer risk
in the multiethnic cohort. ] Nutr. (2017) 147:jn242529-438. doi: 10.3945/]N.116.242529

37. Shivappa N, Steck SE, Hurley TG, Hussey JR, Ma Y, Ockene IS, et al. A population-
based dietary inflammatory index predicts levels of C-reactive protein in the seasonal
variation of blood cholesterol study (SEASONS). Public Health Nutr. (2014) 17:1825-33.
doi: 10.1017/51368980013002565

38. Muegge CM, Kleinschmidt VM, Johnson KA, Sotos-Prieto M, Moffatt SM, Beverly
EA, et al. Focus groups to inform a nutrition intervention for career firefighters. Clin
Nutr Metab. (2018) 1:1-8. doi: 10.15761/cnm.1000108

39. Herndez A, Castaner O, Elosua R, Pinté X, Estruch R, Salas-Salvadé J, et al.
Mediterranean diet improves high-density lipoprotein function in high-cardiovascular-
risk individuals. Circulation. (2017) 135:633-43. doi: 10.1161/CIRCULATIONAHA.
116.023712

40. Christodoulou A, Christophi CA, Sotos-Prieto M, Moffatt S, Kales SN. Eating
habits among US firefighters and association with Cardiometabolic outcomes. Nutrients.
(2022) 14:1-11. doi: 10.3390/nu14132762

41.Yang J, Farioli A, Korre M, Kales SN. Dietary preferences and nutritional
information needs among career firefighters in the United States. Glob Adv Health Med.
(2015) 4:16-23. doi: 10.7453/gahmj.2015.050

42. Donahue S, McMorrow C, Almeida AA, Feairheller DL. Feasibility and perception
of a diet and exercise intervention delivered via telehealth to firefighters. Int ] Telerehabil.
(2022) 14:¢6458. doi: 10.5195/1JT.2022.6458

43. Romanidou M, Tripsianis G, Hershey MS, Sotos-Prieto M, Christophi C, Moffatt
S, et al. Association of the Modified Mediterranean Diet Score (mMDS) with
anthropometric and biochemical indices in US career firefighters. Nutrients. (2020)
12:1-15. doi: 10.3390/NU12123693

44. Kales SN, Smith DL. Firefighting and the heart. Circulation. (2017) 135:1296-9.
doi: 10.1161/CIRCULATIONAHA.117.027018

45. Ruiz-Canela M, Zazpe I, Shivappa N, Hébert JR, Sanchez-Tainta A, Corella D, et al.
Dietary inflammatory index and anthropometric measures of obesity in a population sample at
high cardiovascular risk from the PREDIMED (PREvencié n con Dleta MEDiterré nea) trial.
Br ] Nutr. (2015) 113:984-95. doi: 10.1017/S0007114514004401

46. Sokol A, Wirth MD, Manczuk M, Shivappa N, Zatonska K, Hurley TG, et al.

Association between the dietary inflammatory index, waist-to-hip ratio and metabolic
syndrome. Nutr Res. (2016) 36:1298-303. doi: 10.1016/j.nutres.2016.04.004

frontiersin.org


https://doi.org/10.3389/fnut.2024.1382306
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
http://www.who.int/mediacentre/factsheets/fs311/en/
http://www.who.int/mediacentre/factsheets/fs311/en/
https://doi.org/10.3390/IJMS20163879
https://doi.org/10.24171/j.phrp.2022.0194
https://doi.org/10.3390/NU14183809
https://doi.org/10.1155/2018/9719584
https://shop.elsevier.com/books/diet-inflammation-and-health/hebert/978-0-12-822130-3
https://shop.elsevier.com/books/diet-inflammation-and-health/hebert/978-0-12-822130-3
https://doi.org/10.1016/B978-0-12-822130-3.00015-6
https://doi.org/10.3390/nu11081873
https://doi.org/10.1093/advances/nmab037
https://doi.org/10.3390/nu15040884
https://doi.org/10.3390/NU14061221
https://doi.org/10.22034/APJCP.2018.19.6.1471
https://doi.org/10.22034/APJCP.2018.19.6.1471
https://doi.org/10.1002/MNFR.201600707
https://doi.org/10.1093/ADVANCES/NMY071
https://doi.org/10.1007/s00394-022-02892-1
https://doi.org/10.3390/NU12092789
https://doi.org/10.2188/JEA.JE20180156
https://doi.org/10.2188/JEA.JE20180156
https://doi.org/10.1016/j.jacc.2020.09.535
https://doi.org/10.12691/jfnr-6-3-1
https://doi.org/10.30476/JHSSS.2021.92877.1397
https://doi.org/10.3390/nu10020200
https://doi.org/10.1016/J.NUMECD.2018.01.010
https://doi.org/10.1016/J.NUMECD.2018.01.010
https://doi.org/10.1371/JOURNAL.PONE.0135221
https://doi.org/10.1371/JOURNAL.PONE.0135221
https://doi.org/10.1161/JAHA.118.009446
https://doi.org/10.1186/2046-7648-2-6
https://doi.org/10.1038/ajh.2008.296
https://doi.org/10.1371/journal.pone.0087539
https://doi.org/10.1093/occmed/kqm153
https://doi.org/10.1093/occmed/kqm153
https://doi.org/10.1016/j.amjcard.2013.08.029
https://doi.org/10.4103/IJPVM.IJPVM_256_19
https://doi.org/10.1016/j.cct.2017.07.010
https://doi.org/10.1093/OXFORDJOURNALS.AJE.A114086
https://doi.org/10.1017/S1368980013002115
https://doi.org/10.3945/JN.116.242529
https://doi.org/10.1017/S1368980013002565
https://doi.org/10.15761/cnm.1000108
https://doi.org/10.1161/CIRCULATIONAHA.116.023712
https://doi.org/10.1161/CIRCULATIONAHA.116.023712
https://doi.org/10.3390/nu14132762
https://doi.org/10.7453/gahmj.2015.050
https://doi.org/10.5195/IJT.2022.6458
https://doi.org/10.3390/NU12123693
https://doi.org/10.1161/CIRCULATIONAHA.117.027018
https://doi.org/10.1017/S0007114514004401
https://doi.org/10.1016/j.nutres.2016.04.004

Christodoulou et al.

47. Sajjanar DS, Nimbal P. Association between dietary inflammatory index and
metabolic syndrome: a hospital-based study 1* 1. (2019) 1-5.

48. Neufcourt L, Assmann KE, Fezeu LK, Touvier M, Graffouillére L, Shivappa N, et al.
Prospective association between the dietary inflammatory index and metabolic
syndrome: findings from the SU.VL.MAX study. Nutr Metab Cardiovasc Dis. (2015)
25:988-96. doi: 10.1016/].NUMECD.2015.09.002

49. Zhang X, Guo Y, Yao N, Wang L, Sun M, Xu X, et al. Association between dietary
inflammatory index and metabolic syndrome: analysis of the NHANES 2005-2016.
Front Nutr. (2022) 9:2-7. doi: 10.3389/FNUT.2022.991907

50. Szypowska A, Zatonska K, Szuba A, Regulska-Ilow B. Dietary inflammatory index
(DI11)® and metabolic syndrome in the selected population of polish adults: results of
the PURE Poland sub-study. Int ] Environ Res Public Health. (2023) 20:1-11. doi:
10.3390/IJERPH20021056

Frontiers in Nutrition

07

10.3389/fnut.2024.1382306

51. Kotemori A, Sawada N, Iwasaki M, Yamaji T, Shivappa N, Hebert JR, et al. Dietary
inflammatory index is associated with inflammation in Japanese men. Front Nutr. (2021)
8:604296. doi: 10.3389/fnut.2021.604296

52. Muhammad H, van Baak M, Mariman E, Sulistyoningrum D, Huriyati E, Lee Y, et al.
Dietary inflammatory index score and its association with body weight, blood pressure, lipid
profile, and leptin in Indonesian adults (2019) 11, 1-8. doi: 10.3390/nu11010148

53.Sc S., Sperling L., Virani S. S., Yeboah J., “ACC/AHA task force members,” (2018).
doi: 10.1161/CIR.0000000000000625

54. European Association for Cardiovascular Prevention & RehabilitationReiner Z,
Catapano AL, de Backer G, Graham I, Taskinen MR, et al. ESC/EAS guidelines for the
management of dyslipidaemias: the task force for the management of dyslipidaemias of
the European Society of Cardiology (ESC) and the European atherosclerosis society
(EAS). Eur Heart J. (2011) 32:1769-818. doi: 10.1093/EURHEART]J/EHR158

frontiersin.org


https://doi.org/10.3389/fnut.2024.1382306
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/J.NUMECD.2015.09.002
https://doi.org/10.3389/FNUT.2022.991907
https://doi.org/10.3390/IJERPH20021056
https://doi.org/10.3389/fnut.2021.604296
https://doi.org/10.3390/nu11010148
https://doi.org/10.1161/CIR.0000000000000625
https://doi.org/10.1093/EURHEARTJ/EHR158

Christodoulou et al. 10.3389/fnut.2024.1382306

Appendix 1

Food parameters

Alcohol Vitamin B12 Vitamin B6 Beta Carotene

Caffeine Carbohydrate Cholesterol Vitamin D

Zinc Anthocyanidins Energy Fat

Fiber Iron Niacin
Magnesium

Omega 3 Omega 6 Flavones

Isoflavones Protein Riboflavin SFA

Selenium Selenium Thiamin Vitamin C

Flavanols Flavonones
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